The in-plane problem relating to the elastodynamic response of edge crack in an infinitely long elastic strip is analyzed. Fourier transform is used to reduce the mixed boundary value problem to Fredholm integral equation of second kind which was solved numerically to calculate the stress intensity factor at the tip of the crack. Stress intensity factor for various geometry parameters and frequency has been plotted to show the effect of strip width on stress intensity factor. Also normal stress at distant points from the crack has been evaluated numerically and plotted for various parameters.
Diffraction of P-Waves by Edge Crack in an Infinitely Long Elastic Strip

Introduction
Cracks and inclusion problems are common phenomena in construction process. These problems in elastodynamics are of much importance in view of their applications in geophysics and earthquake engineering. Many problems have been solved involving one or more cracks in an infinite homogeneous elastic medium. Loeber and Sih (1) and Mal (2) have studied the problem of diffraction of elastic waves by a Griffith crack in an infinite medium. The problem of finite crack at the interface of two elastic half-spaces has been discussed by Srivastava et al. (3) and Bostrom (4) . The problem of an infinite elastic strip containing an arbitrary number of unequal Griffith cracks, located parallel to its surfaces and opened by an arbitrary internal pressure has been treated by Adams (5) . Finite crack perpendicular to the surface of the infinitely long elastic strip has been studied by Chen (6) (for an impact load) and by Srivastava et al. (7) (for normally incident waves). Shindo et al. (8) considered the problem of impact response of a finite crack in an orthotropic strip. Pramanick et al. (9) analyzed the problem of high frequency diffraction by edge crack in a semi-infinite medium. Recently, Matysiak and Pauk (10) studied the edge crack in an elastic layer resting on Winkler foundation.
In our paper, the diffraction of normally incident time harmonic longitudinal wave by an edge crack in an infinitely long elastic strip is analyzed. Applying the Fourier transform, the mixed boundary value problem is converted to the solution of dual integral equations. The dual integral equations is finally reduced to a Fredholm integral equation of second kind by applying the Abel's transform. Expression for the stress intensity factor (SIF) is derived. The numerical values of SIF depicted by means of graphs to show the effect of strip width on SIF. Finally normal stress at distant points from the crack has been calculated numerically and shown by 3D graphs for various parameters.
Formulation of the Problem
We consider the problem of diffraction of p-wave by a finite edge crack in an infinitely long elastic strip of width h 1 . The crack is located in the region 0 ≤ x 1 ≤ a, −∞ < z 1 < ∞, y 1 = 0. Normalizing all the lengths with respect to 'a'
and putting
the location of the crack is 0 ≤ x ≤ 1, −∞ < z < ∞, y = 0 ( Fig. 1 ) referred to Cartesian co-ordinate system (x,y,z). Let a normally incident time-harmonic wave travels in the direction of the positive y-axis. The oscillatory term e −iωt , which is common to all field variables, is omitted in the following formulation. The displacement components u and v in the x and y-directions are
where φ and ψ are scalar and vector potentials satisfying the following equations respectively: 
where
and c 2 = µ ρ
are the dilatational and shear wave velocities. λ, µ are the Lame's constants, ρ is the density of the material. We assume that the edges of the strip are stress free. Substituting φ(x,y,t) = φ(x,y)e −iωt and ψ(x,y,t) = ψ(x,y)e −iωt , Eq. (2) are reduced to
The boundary conditions are as follows:
Solutions of Eq. (3) are
are the unknown coefficients and
Now the stress σ xy can be expressed as
The boundary condition (6) yields
Putting
and using the relation (11), the final expressions for displacements and stresses can be written as
Solution of the Problem
The boundary conditions (4) and (5) yields the following dual integral equation system:
and
Let us consider the solution of integral equations (17) and (18) in the form
so that Eq. (18) is automatically satisfied and Eq. (17) can be written as
and J 0 () is the Bessel function of first kind of order zero. Now, using Abel's transform in Eq. (22) we obtain the following Fredholm integral equation of second kind:
From the boundary conditions (7) and (8), the unknown coefficients D 1 (ξ), D 2 (ξ), C 1 (ξ) and C 2 (ξ) can be found to be related to φ(ζ) as:
Next, substituting the value of φ(ζ) from Eq. (21) in the expression of D 1 (ξ), D 2 (ξ), C 1 (ξ), C 2 (ξ) and using the results (Gradshteyn and Ryzhik (11) )
where I 0 () is the modified Bessel function of imaginary argument of order zero and L 0 () is the modified Struve function of order zero. Using the resulting expressions of
Now, substituting R(t) from Eq. (36) in Eq. (24) and assuming p(x) = p 0 (constant) and g(t) = ap 0 µ g 1 (t) we finally obtain the following Fredholm Integral equation
and L 4 (t,u) are given by Eqs. (26), (37), (38) and (39) respectively. It is to be noted that the kernel L 1 (t,u) represented by the semi-infinite integral given by Eq. (26) has a slow rate of convergence. In order to make the numerical analysis easier, the semiinfinite integral has therefore been converted to finite integrals by using simple contour integration technique and is given by
where γ = k 1 k 2 < 1.
Stress Intensity Factor and Stress Outside the Crack
The normal stress σ yy (x,y) in the plane y = 0 in the neighbourhood of the crack can be found from Eq. (15) and is given by
Substituting the values of
and using Eq. (21) the expression for the stress can finally be represented as
Defining stress intensity factor K by
Next from Eq. (15), after substituting
T 3 (x,y,u)
Numerical Results
The method of Fox and Goodwin (12) has been used to solve the integral equation (40) numerically for various values of frequencies k 1 and k 2 and strip width h. The integral in Eq. (40) has been represented by a quadrature formula involving values of the desired function g 1 (t) at pivot points inside the specified range of integration and then converted to a set of simultaneous linear algebraic equations. The solution of the set of linear algebraic equation gives a first approximation to the required pivot values of g 1 (t) which has been improved by the use of difference correction technique.
After solving the integral equation (40) numerically, the stress intensity factor (SIF) has been calculated numerically and plotted against dimensionless frequency for various values of h. In Fig. 2 SIF (K) has been plotted against dimensionless frequency k 2 for various values of h (1.5, 2, 2.5, 3). From Fig. 2 it is observed that stress intensity factor K at the tip of the crack is significant and decreases with the increase in the values of k 2 . Also variation of SIF becomes flat as the width of the strip h increases. Next, dimensionless normal stress T = σ yy /p 0 , at distant points from the crack has been computed numerically from Eq. (44) and presented by means of 3-dimensional graphs (Figs. 3 and 4) for various values of h (2, 2.5) and for fixed value of γ(1/ √ 3) corresponding to the value of Poisson ratio 1 4 (in this case λ = µ and the solid is called Poisson solid).
In Figs. 3 and 4 the normal stress distributions outside the crack are shown. The influence of strip width h is shown on normal stress. The value of normal stress decreases as the strip width h increases.
Conclusion
From the numerical results we found that the influence of SIF i.e. singular stress field is significant near the crack tip. The influence decreases with increase of strip width. We also conclude that the normal stress decreases with increase of strip width. 
